Abstract Currently, the family Tombusviridae encompasses thirteen viral genera that contain single-stranded, positive-sense RNA genomes and isometric virions; the exception being the genus Umbravirus, whose members do not encode a coat protein (CP). A new genus, tentatively named Pelarspovirus, is proposed to be added to this family and would include five members, with Pelargonium line pattern virus recommended as the type species. Viruses assigned to this proposed genus have monopartite genomes encoding five open reading frames (ORFs) that include two 5 0 -proximal replication proteins, two centrally located movement proteins (MP1 and MP2) and a 3 0 -proximal CP that, at least for pelargonium line pattern virus (PLPV), has been shown to act also as suppressor of RNA silencing. Distinguishing characteristics of these viruses include i) production of a single, tricistronic subgenomic RNA for expression of MP and CP genes, ii) presence of a non-AUG start codon (CUG or GUG) initiating the MP2 ORF, iii) absence of AUG codons in any frame between the AUG initiation codons of MP1 and CP genes, and iv) sequence-based phylogenetic clustering of all encoded proteins in separate clades from those of other family members.
Introduction
The family Tombusviridae encompasses a broad range of soil-borne viruses characterized by icosahedral virions of about 30 nm in diameter and relatively small singlestranded positive-sense RNA genomes (average of *4,000 nt). To date, 71 species within the family whose members infect either dicotyledonous or monocotyledonous plants, have been formally recognized by the International Committee on Taxonomy of Viruses (ICTV) (http://ictvonline.org/virusTaxonomy.asp). Currently, the NOTE: The taxonomic changes suggested here have not been endorsed by the ICTV Executive Committee, may differ from any new taxonomy that is ultimately approved by the ICTV, and are presented for discussion only but have no official standing. Three proposals (2013.010a,bP.A.v2.Umbravirus_move, 2014.008aP.A.v3.Tombusviridae_sp and 2014.006aP.A.v2.Tombusviridae_4sp) cited in this article have been recently ratified by ICTV members and have been incorporated into the 2014 taxonomy (http://ictvonline.org/virusTaxonomy.asp). The initial submission for 2014.006aP.A.v2.Tombusviridae_4sp included the creation of a new genus Pelarspovirus. The ICTV Executive Committee (EC) did not support the creation of the genus since the newly proposed genus was not clearly delineated from all carmoviruses. The EC suggested the 2013 taxonomy for the family Tombusviridae may need to be revised, particularly noting the lack of monophylogeny for carmoviruses. In 2015, the Tombusviridae Study Group will be submitting a proposal to divide genus Carmovirus into three genera as shown in Figure 3a . This article is related to a taxonomic proposal planned for submission to the ICTV in 2015 and includes additional information not submitted to ICTV in 2014.
family Tombusviridae includes thirteen genera; twelve of which contain viruses with single-stranded, positive-sense RNA genomes encoding coat proteins (CPs) for isometric virions, and genus Umbravirus, whose members lack a CP open reading frame (ORF) and are encapsidated by the CPs of their respective ''helper'' virus (30) . The other twelve official genera are Tombusvirus, Carmovirus, Aureusvirus, Avenavirus, Machlomovirus, Alphanecrovirus, Betanecrovirus, Panicovirus, Dianthovirus, Gallantivirus, Macanavirus and Zeavirus [1, 29] .
Genomes of viruses belonging to the family Tombusviridae are nonsegmented, with the exception of those belonging to the genus Dianthovirus, which are bisegmented. Tombusvirid genomes are neither 5 0 -capped nor 3 0 -polyadenylated and harbour from four to seven genes encoding proteins that minimally serve the basic functions of replication, movement and, with the exception of members of the genus Umbravirus, encapsidation. Virally encoded suppressors of RNA silencing (VSRs) have also been identified in members of some genera and vary in terms of structure and function [4] . To assist replication, all tombusvirids produce an essential accessory protein and an RNA-dependent RNA polymerase (RdRp). One, two, or three virally encoded movement proteins (MPs) mediate virus transport, and a single type of coat protein (CP) is involved in virion formation. Virions have either a bumpy or a smooth appearance in electron micrographs, depending on the presence or absence, respectively, of a C-terminal protruding domain in the corresponding CP [29, 36] . General gene expression strategies include (i) translation of viral proteins facilitated by a 3 0 cap-independent translational enhancer (3 0 CITE) [29, 35] , (ii) synthesis of the RdRp as a C-terminal extension of the accessory replication protein by either ribosomal readthrough or frameshifting, (iii) leaky scanning of ribosomes on bicistronic or polycistronic viral mRNAs, which allows expression of downstream ORFs, and (iv) transcription of subgenomic (sg) RNAs during infections to template translation of genes located internally and 3 0 -proximally in the genomic (g) RNA. The demarcation criteria for genera in the family Tombusviridae are ''(A) structural criteria -spherical virions with either a smooth or granular appearance; (B) genomic criteriagenome organization, number of genome segments, size of genome; and (C) polymerase criteria -gene interrupted by a termination codon or a -1 ribosomal frameshifting element that is periodically read through'' [29] .
One of the recognized tombusvirid species that is not assigned to a genus is Pelargonium line pattern virus. The gene arrangement in the monopartite genome of pelargonium line pattern virus (PLPV), as well as the sequences of the encoded proteins, closely resembles that of carmoviruses [5, 14] . However, several traits distinguish PLPV, as well as four structurally and phylogenetically related viruses, from currently recognized carmoviruses and justify the proposal that this group should constitute a new genus within the family Tombusviridae, named Pelarspovirus [5, 15, 16] .
Proposed taxonomic structure of the genus [33] . We suggest the following species demarcation criteria in the new genus: \75 % amino acid sequence identity between RdRps and \75 % identity between CPs (Table 2 ). Rose yellow leaf virus (RYLV), a pathogen whose nearly complete nucleotide sequence has been determined recently [25] , is considered an isolate of RrLDV (and not a member of a separate species) on the basis of the high sequence identity shared by their corresponding proteins (90 %, 95 %, 82 %, and 86 %, respectively, for RdRp, CP, MP1 and MP2) [33] .
The genus name ''Pelarspovirus'' comes from the underlined syllables of pelargonium ringspot virus, which was the first virus to be named and described among the five proposed members [13] . The proposed genus name was introduced prior to release of a full sequence of PelRSV or of any other member of the suggested genus [15] . Moreover, the term ''pelarspovirus'', with or without quotes and with or without the term ''proposed'' associated with it, can be found in published abstracts, papers and books, attesting to existing informal adoption of this genus name (1998-2015; some referenced here). The selected type species, Pelargonium line pattern virus, was the first species in the proposed genus to be recognized by ICTV as an unassigned species in the family Tombusviridae. Moreover, the complete PLPV genome was the first to be made available, and this virus is currently the best characterized among the tentative members of this proposed genus. To date, work performed on PLPV at the molecular level includes (i) sgRNA mapping [5] , (ii) generation of infectious cDNA clones under the control of the T7 RNA polymerase promoter or 35S cauliflower mosaic virus promoter [6] , (iii) analyses of gene function and translational mechanisms [8] , (iv) analyses of molecular variability [7] , and (v) identification of the VSR and its molecular interactions [26] . Though limited, data on the incidence of PLPV in cultivated geraniums in Spain have been also obtained [2] .
Biological properties
No vector is known for any of the proposed members of the genus and transmission mainly occurs through propagating material. Natural infections with PLPV, pelargonium chlorotic ring pattern virus (PCRPV) and pelargonium ringspot virus (PelRSV) are restricted to Pelargonium spp.; however, despite this overlap in host range, the estimation of their RdRp (55-70 %; Table 2 ) and CP (43-71 %; Table 2 ) identities clearly indicates that these viruses belong to separate species. PLPV and PCRPV were originally isolated from P. zonale plants showing line pattern symptoms and chlorotic spots/ringspots, line pattern and vein banding, respectively, whereas PelRSV was originally isolated from P. peltatum exhibiting ringspot symptoms [13, 20, 37 , and references therein]. Elderberry latent virus (ELV) was initially isolated from American elder (Sambucus canadensis) exhibiting line pattern symptoms, and no other plant species have been recorded as natural hosts of this virus [12] . RrLDV was originally found in Rosa a Full-length genome sequences reported to GenBank. The accession number of the quasi-full-length genome sequence of the previously designated RYLV (KC166239; [25] ) is included as an isolate of RrLDV. PLPV isolate with accession no. AY038067 has a 5 0 -UTR that is one nucleotide shorter than those of the other isolates b Beginning with a non-AUG start codon 
Genomic organization and coding properties
Full-length nucleotide sequences of all tentative members of the genus Pelarspovirus have been deposited in GenBank (Table 1 ). In the case of PLPV and RrLDV, complete or near-complete genome sequences of distinct isolates are available ( Table 1) . The viruses have a monopartite, ssRNA genome ranging in length between 3,865 (PelRSV) and 3,971 nt (RrLDV).
In silico analysis has allowed the identification of five ORFs in each viral genome ( Fig. 1 and data not shown) . In all cases, the 5 0 -proximal ORF, ORF1, encodes a protein of *27 kDa (p27) that shows homology to auxiliary replication proteins of tombusvirids [5, 16, 24, 25] , such as those of carmoviruses (Table 2) . Each ORF1 begins with AUG in a favorable translation context (A or G at positions -3 and ?4, with the exception of PCRPV ORF1, which has a U at position ?4) [18, 21] and terminates at a UAG codon. This amber codon is in all cases surrounded by an almost identical sequence (aaaUAGggg/a) that is consistent with consensus motifs for type III readthrough elements [10] . Bypass of the stop codon allows expression of the inframe, downstream ORF and gives rise to a protein of 87 kDa (p87) that contains the motifs characteristic of viral RdRps, including the highly conserved GDD box [17] , as well as others specific to tombusvirid RdRps [11] . Two centrally located ORFs encode two small polypeptides that share significant sequence similarities with known MPs (Table 2 ). The theoretical molecular masses of those proteins range from 6.1 to 6.9 kDa (MP1) and from 8.9 to 9.7 kDa (MP2). MP1 ORF starts in all proposed pelarspoviruses at an AUG in a poor translational context (a favorable G at position ?4 but a pyrimidine at position -3), which may allow leaky scanning of ribosomes past this initiation site to occur. Strikingly, the MP2 ORFs initiate with a noncanonical start codon (GUG or CUG) instead of a conventional AUG (Fig. 2) . The 3 0 -proximal ORF initiates with an AUG in an optimal translation context and encodes a CP of about 37 kDa (p37). Like the CPs of viruses belonging to the genera Tombusvirus, Carmovirus, Aureusvirus, Avenavirus, Dianthovirus, Gallantivirus, and Macanavirus, the CPs of members of the proposed genus Pelarspovirus harbour a protruding domain that gives virions a granular appearance when examined by electron microscopy [19] .
The genomes of the proposed pelarspoviruses are rather compact with no intergenic regions ( Fig. 1 [9, 27, 35] . Nevertheless, experimental evidence for the functionality of the predicted structural motifs in the 3 0 UTR remains to be obtained.
At the genus level, proteins encoded by pelarspoviruses have the highest similarity scores with the equivalent proteins of carmoviruses (Table 2 ). However, in contrast to carmoviruses, which produce two sgRNAs to express genes in the 3 0 half of their genomes, pelarspoviruses are known (PLPV, ELV, PCRPV, PelRSV) [5, [14] [15] [16] or predicted (RrLDV) [24] to generate only one sgRNA (Fig. 1) , similar to that reported for panicoviruses [39] and maize chlorotic mottle virus, the only member of the genus Machlomovirus [31] . The synthesis of a single sgRNA was initially suggested by the presence of two virus-specific dsRNA species in pelarspovirus-infected plants, compared to the expected three dsRNA species found in carmovirus infections [14, 16, 20] .
Study of gene functions in PLPV confirmed the involvement of p27 and p87 in replication, of MP1 (p6) and MP2 (p9.7) in viral movement, and of p37 in encapsidation [8] . A recent report also revealed that PLPV p37, besides acting as a CP, also functions as a VSR [26] , paralleling results obtained with several carmoviruses [22, 23, 28] .
Analyses of translation strategies corroborated that PLPV p27 and p87 are expressed from the gRNA (p87 as a readthrough product of p27) and that the unique sgRNA detected in infected tissue serves as mRNA for expression of the MP1, MP2 and p37 genes [8] . Translation of all three genes from the sgRNA is accomplished through leakyscanning processes that are favoured by the suboptimal translational context of the initiating AUG of the MP1 gene, the noncanonical start codon (GUG) of MP2 gene, and the lack of an AUG codon between the MP1 AUG and CP AUG. These genomic traits are shared by the remaining proposed pelarspoviruses, which provides good support for the generality of the translation strategy.
In an initial examination of the PLPV genome through in silico approaches, the presence of a p13 ORF overlapping the readthrough region of RdRp, a p6 ORF with no AUG initiation codon in the central region of the genome, and the production of a 12-kDa protein via a -1 frameshift of MP1 were predicted [5] . However, subsequent work on PLPV translation schemes and gene functions indicated that the predicted p13 and p6 ORFs are non-functional and that no MP1 fusion protein is produced [8] . Similar MP1 fusions have been hypothesized for other proposed members of genus Pelarspovirus [16, 24, 25] , but in light of the results with PLPV, they are very unlikely to be synthesized. For RrLDV, some small ORFs were noted in different positions of the genome [24, 25] . However, the encoded proteins have no significant similarities to known viral (or non-viral) protein sequences. Moreover, they are not conserved between the two characterized isolates of the virus, which poses serious doubts regarding their biological significance.
Phylogenetic relationships
Since the RdRps of umbraviruses form a separate clade from all CP-coding tombusvirids [30] , they were omitted from phylogenetic analysis for this report. PLPV and other proposed pelarspoviruses are phylogenetically closer to each other than to members of other genera of the family Tombusviridae (Fig. 3) , although the similarity of their genome organization to viruses currently identified as carmoviruses is apparent (Fig. 1) . The Tombusviridae Study Group has found that when comparing phylogenetic analyses of all viral proteins, the RdRp tree most consistently groups viruses within genera as defined by the demarcation criteria [29] . Therefore RdRp phylogenetic trees are used to delineate genera for viruses such as alphanecroviruses and betanecroviruses that are not separated into monophyletic lineages using the three criteria described above. Our data support the division of carmoviruses into three genera. Nine of ten RdRp HEV  MCMV  CMMV  TPAV  PMV  OLV1  TNVA  OMMV  TNVD  LWSV  BBSV  MNeSV  OCSV  TBSV  AMCV  EMCV  MPV  CIRV GaMV  FNSV  OMMV  OLV  TNVA  CbMV  SYMMV  CPMoV  PSNV  MNSV  NLVCV  HCRSV  LWSV  TNVD  BBSV  MCMV  CMMV  PMV  TPAV  TLV1 OCSV p8 phylogenetic analyses (two alignment methods with two statistical approaches using two or three treatments of gaps and missing data) generated trees with identical monophyletic clustering of genus members when carmoviruses were divided into three genera (Fig. 3a and data not shown). Unlike members of several tombusvirid genera, independent alignments of the RdRp, MP1, MP2 and CP sequences consistently cluster the proposed pelarspoviruses together, supporting the conclusion that they should be included in a distinct genus. The phylogenetic separation is further supported by key transcription/translation-related traits that include the production of a single sgRNA, the presence of a non-AUG triplet as the start codon of the MP2 gene, and the absence of AUG codons in any frame between the AUG initiation codons of the MP1 and CP genes. These traits mark a clear distinction from their closest relatives in the family, the current members of the genus Carmovirus. The different patterns of phylogenetic branching in the four trees of Fig. 3 could be explained in part by different rates of evolution between the distinct proteins of these viruses, though the possibility of some shuffling of sequences through recombination cannot be ruled out.
Recently, methods for assessing the relatedness of viruses based on whole genome sequence comparisons have been proposed that can help parse viruses at the family, genus, and isolate level. The Pairwise Sequence Comparison (PASC; http://www.ncbi.nlm.nih.gov/sutils/ pasc/viridty.cgi) classification tool was set up at the National Center for Biotechnology Information to provide a uniform analysis method for viral genomes [3] . PASC analysis of members of the Tombusviridae separated the majority of the viruses into their current taxonomic groups, with the proposed pelarspoviruses as a new genus (data not shown). Although the Tombusviridae Study Group has not defined family, genus, and species demarcation criteria by this method, we consider it additional support for the creation of the proposed genus Pelarspovirus. Remarkably, the same analysis indicated that viruses in GenBank identified by the submitters or the ICTV as carmoviruses may represent nine unique genera (data not shown), further highlighting the need to revise the current criteria for inclusion in the genus Carmovirus.
A virus characterized through a metagenomic survey approach, trailing lespedeza virus 1 (TLV1) [32] , was identified in the phylogenetic trees as most closely related to pelarspoviruses. The genome structure of TLV1 parallels that of carmoviruses and pelarspoviruses, resembling the latter in the use of a noncanonical CUG start codon for MP2 ORF and the absence of AUG codons between the predicted MP1 and CP start codons. TLV1 has recently been ratified as an unassigned tombusvirid by the ICTV [34] ; however, the phylogenetic positions of its encoded proteins (Fig. 3) suggest that it is likely to be a member of a currently unidentified sister clade, and PASC analysis supports this notion (data not shown).
To conclude, we consider that there is sufficient molecular and phylogenetic support for the creation of the new genus Pelarspovirus in family Tombusviridae.
b Fig. 3 Phylogenetic trees of the RdRps of CP-encoding tombusvirids (a), CPs (b) and two small movement proteins, MP1 and MP2 (c). Alignments were made using ClustalOmega or MUSCLE, and trees were generated by the maximum-likelihood (ML) or neighbor-joining (N-J) method using two or three gap treatments: complete deletion of gaps or missing data, deletion of sites with \50 % coverage, or pairwise deletion. ClustalOmega ML trees with 50 % coverage are shown, and there were a total of 745 (a) 
